INTRODUCTION
Unconsciousness associated with hypercapnia usually occurs in patients with severe chronic airway obstruction. This report. describes a patient admitted to a general medical ward for treatment of severe and uncontrolled hypertension who was found unexpectedly to be deeply unconscious. Subsequently it was found that the arterial pC0 2 was markedly elevated and recovery followed a period of artificial ventilation.
REPORT OF CASE
A 51-year-old very obese male (weight 110 kg) was admitted to hospital in the evening with a history of increasing shortness of breath and swelling of the ankles. He was being treated for gout with sulphinpyrazine and for hypertension with methyldopa and methchlorthiazide. He had suffered pulmonary tuberculosis 10 years previously, but this had been inactive for nine years. He took no alcohol or tobacco, had no history of cough or sputum production, and had suffered no recent episodes of bronchitis. Neither wheezing nor rhonchi were heard in the chest. The blood pressure was 230/130. He was admitted for treatment of hypertension and congestive cardiac failure.
Early the following morning he was found comatose and cyanosed. Ventilation and tissue perfusion were poor. The pulse rate was 80 and the blood pressure 130/60. There was no response to painful stimuli. The limbs were hypotonic, the knee jerks absent, and the plantar responses equivocal. T~ere was n,o neck stiffness, nor was there eVIdence of hIS having taken a sedative overdose. Artificial ventilation was commenced and the blood gases were measured about 30 minutes later. At this time the Hb was 14·9 gm per cent, PaC0 2 80 mm Hg and the Pa0 2 only 51 mm Hg in spite of ventilation with 70 per cent oxygen (minute volume 101). There was thus marked general underventilation before the start of artificial ventilation and a large ventilationperfusion defect was also present. The chest X-ray showed cardiomegaly and marked pulmonary congestion and the central venous pressure was 10 cm of water above the sternal angle. The ECG showed a left ventricular strain pattern and the SGOT was elevated to 200 units, probably because of hepatic hypoxia. The blood urea was 90 mg and the serum uric acid was 14·5. The blood sugar was normal, the lumbar puncture clear, and the echoencephalogram and skull X-ray showed no abnormality. The serum barbiturates were negative. A sputum culture was taken, and this subsequently grew an organism of the klebsiella species.
Treatment with sodium cephalothin, digoxin, frusemide and acepifylline was commenced.
About two hours after intubation the patient's level of consciousness began to lighten, and after six hours he was fully conscious and moving his limbs normally. He was ventilated via an oral endotracheal tube for 48 hours using a minute volume of 101 (50 per cent oxygen) and then extubated.
Following extubation, the Pa0 2 breathing air was 37 mm Hg and the PaC0 2 was 51 mm Hg. With humidified oxygen via a nasal catheter at 2 llmin it was possible to maintain the Pa0 2 at 55 mm Hg with the PaC0 2 rising only to 56 mm Hg. The blood urea was 170 mg per cent.
After five days the patient was discharged to a medical ward still having low flow nasal oxygen. At this time the cardiac failure had improved strikingly and the blood pressure was maintained at 150/95 without treatment. On a Giovanetti diet the blood urea had fallen to 129 mg per centum. Treatment of the gout with allopurinol was commenced. At this time the FEV 1 was 0 ·81 and the FVC 1·51. Following inhalation of salbutamol these values were 0·91 and 1·91 respectively.
One month after discharge from the Intensive Therapy Unit the patient was reviewed. At this time the blood urea was reduced to 35 mg per cent, but the serum creatinine was 3 '4, indicating considerable renal impairment. The Anaesthesia and Intensive Care, Vol. II, No. 1, February, 1974 A. MORTON serum uric acid was reduced to 6'8 mg per cent. The patient had lost 16 kg weight, the cardiac failure was controlled without treatment, and the blood pressure was maintained at 150/95 also without treatment. Breathing room air the Pa0 2 was 59 mm Hg and the PaC0 2 was 38 mm Hg. The FEV 1 was 1·3 1 and the FVC 2 ·51. Following inhalation of salbutamol these values rose to 1·91 and 2·81 respectively. The haemoglobin level was 14 gm per cent.
DISCUSSION
Coma due to hypercapnia usually occurs when a patient with chronic airway obstruction suffers an illness, usually a respiratory infection, which causes a sudden worsening of his condition. Secondary to this decompensation, right heart failure often supervenes.
It has, however, recently been emphasized that these processes may occur the other way around, i.e. the hypercapnia may be caused by the occurrence of left heart failure and pulmonary oedema (Fisman 1972) . Obviously, however, it should be more likely for acute left heart failure to cause hypercapnia if the patient is already predisposed to general underventilation because of airway obstruction, obesity or relative unresponsiveness of the respiratory centre to carbon dioxide, and this reverse train of events should be considered when a patient with chronic airways obstruction becomes decompensated. Middle-aged and elderly patients with bronchitis are probably no less likely to suffer coronary artery disease than are the general population, and in addition they are at times quite markedly hypoxaemic. As a result of these processes cardiac pumping may be compromised, pulmonary venous pressure may rise, lung stiffening occur, and work of breathing increase. Any tendency to underventilate will be augmented. Also, this worsening of pulmonary function will cause more marked arterial hypoxaemia and further deterioration in cardiac performance. In addition, the large metabolic cost of breathing will result in increased carbon dioxide production.
It should be noted that arterial hypoxaemia is due either to general underventilation or to a disturbance in the relationship of ventilation to perfusion; regional underventilation occurs (Filley 1967). With regional underventilation, the ventilation of many alveoli is reduced relative to their perfusion and as a result imperfectly oxygenated blood leaves these areas. Because blood from normally ventilated and perfused lung areas is almost fully saturated, the hypoxaemia cannot be corrected by an improvement in the ventilation of these regions. With carbon dioxide, however, the situation is quite different as carbon dioxide retention caused by blood perfusing poorly ventilated areas can easily be compensated for by slight hyperventilation of other lung regions and patients with pulmonary oedema usually do in fact hyperventilate sufficiently to prevent hypercapnia from occurring. It is important to realize, however, that a proportion of these patients will not be able to hyperventilate and hypercapnia will thus ensue.
In the present case there is no evidence that there was a serious degree of regional underperfusion which if present could have further increased the minute volume required to eliminate carbon dioxide. While artificial ventilation was in progress the arterial pC0 2 was kept at a normal level with a minute volume of 10 1, which is in fact somewhat less than the predicted requirement for a male of 110 kg using the Adelaide Ventilation Guide (Kenny 1967) . It is likely, however, that the hypercapnia was partly responsible for the uncontrolled hypertension at the time of admission; also, the hypercapnia would have been associated with marked hypoxaemia and myocardial hypoxia while the patient was breathing air.
The patient had considerable airway obstruction, although this was not known until an expiratory spirogram was performed. He was also quite obese and his respiratory centre appeared to be hyposensitive to the stimulus of carbon dioxide accumulation. He had a widened alveolar-arterial oxygen tension gradient when he returned for reassessment one month after the acute illness and had probably been hypoxaemic for some time. Against this background the acute hypertensive cardiac failure was able to cause acute hypercapnia of sufficient degree to cause a quite unexpected episode of coma. The report of a similar case by Hargrave et al. (1973) following an appendicectomy, emphasizes the need to consider hypercapnia in the differential diagnosis of any case of unexpected coma.
